Soil Ingestion: A Concern for Acute Toxicity in Children

Edward J. Calabrese,! Edward J. Stanek,” Robert C. James,? and Stephen M. Roberts?

1School of Public Health, University of Massachusetts, Amherst, MA 01003 USA,; 2Center for Environmental & Human Toxicology,
University of Florida, Gainesville, FL 32611 USA

Several soil ingestion studies have indicated that some children ingest substantial amounts of soil
on given days. Although the EPA has assumed that 95% of children ingest 200 mg soil/day or less
for exposure assessment purposes, some children have been observed to ingest up to 25-60 g soil
during a single day. In light of the potential for children to ingest such large amounts of soil, an
assessment was made of the possibility for soil pica episodes to result in acute intoxication from

contaminant concentrations the EPA regards as representing conservative screening values (i.e.,
EPA soil screening levels and EPA Region III risk-based concentrations for residential soils). For a
set of 13 chemicals included in the analysis, contaminant doses resulting from a one-time soil pica
episode (5-50 g of soil ingested) were compared with acute dosages shown to produce toxicity in
humans in clinical studies or case reports. For four of these chemicals, a soil pica episode was
found to result in a contaminant dose approximating or exceeding the acute human lethal dose.
For five of the remaining chemicals, the contaminant dose from a soil pica episode was well with-
in the reported dose range in humans for toxicity other than lethality. Because both the exposure
episodes and the toxicological response information are derived from observations in humans,
these findings are regarded as particularly relevant for human health risk assessment. They suggest

that, for some chemicals, ostensibly conservative soil criteria based on chronic exposure using cur-

rent EPA methodology may not be protective of children during acute soil pica episodes. Key
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When evaluating risks posed by contaminat-
ed soil, incidental soil ingestion is often the
most important pathway of exposure. For
purposes of estimating risks to children, the
EPA [J.W. Porter, unpublished data; (1)]
assumes that most children ingest relatively
small quantities of soil (e.g., <100 mg/day),
while the upper 95th percentile are estimated
to ingest 200 mg/day on average. This latter
figure has been frequently employed as the
assumed soil ingestion rate for children, both
in estimating risks from soil contaminants
under a residential land use scenario and in
setting risk-based cleanup goals. While risk
assessments for contaminated sites are direct-
ed principally to public health concerns for
long-term exposure, the EPA has conceptual-
ly addressed the possibility that some children
may display, at least on occasion, profound
soil ingestion (referred to as soil pica) in
quantities far greater than the upper 95th
percentile value. For such children, the EPA
(2) has proposed that risk assessors assume
soil ingestion at a rate of 5 g soil/day. This is
routinely ignored in practice, however, and
risks from soil pica are rarely addressed
explicitly in risk assessments.

Recently, there has been considerable
effort by the EPA and state environmental
regulatory agencies to define acceptable risk-
based levels of contaminants in soils. The
New Jersey Department of Environmental
Protection was one of the first regulatory
agencies to attempt to promulgate compre-
hensive risk-based soil standards, and in
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1992 this department proposed standards
for about 100 contaminants in soils (3).
The methods used to derive the proposed
soil standards were generally consistent
with contemporary risk assessment prac-
tice, and the values were intended to be
health protective for individuals, including
children, under circumstances in which the
property is used for residential purposes.
The proposed soil standards were derived
based on the potential for chronic exposure
and, consistent with EPA recommenda-
tions, a soil ingestion rate of 200 mg
soil/day for children was employed. An
analysis was subsequently conducted to
determine whether the proposed standards
would also be health protective under cir-
cumstances of shorter, more extensive soil
exposure, as might occur with soil pica.
The analysis concluded that adverse
human health effects were possible from
acute or subchronic ingestion of 5 g soil at
the proposed standard for nearly 42% of
the chemicals and that there was the
potential for toxicity from ingestion of as
little as 200 mg soil for 17 of these chemi-
cals (4).

For a variety of reasons, the soil stan-
dards proposed by the New Jersey
Department of Environmental Protection
were never implemented. Several states
have, however, developed similar lists of
soil contaminant concentrations to use as
screening tools for sites, and the EPA has
recently released its Soil Screening Guidance

(5), which provides residential land use
risk-based soil concentrations for about 100
chemicals. In general, these soil guidance
concentrations are intended to be broadly
applicable and conservative and represent
safe levels of the contaminants in soils, even
under circumstances in which children may
have extensive soil contact, such as a back
yard, playground, or day care facility.

Our objective for this study was to
make a preliminary assessment of the risks
posed by soil contaminants at contempo-
rary guidance concentrations when there is
soil pica. While addressing the same basic
issue—the health protectiveness toward chil-
dren of soil standards or guidance concentra-
tions—the analysis differed from that con-
ducted previously by Technical Resources,
Inc. (TRI) (4) in several important respects.
First, we based estimates of soil ingestion
during a soil pica episode on observations
from other soil ingestion studies (6-10). As
discussed below, these studies indicate that
soil pica episodes may involve soil quanti-
ties much greater than 5 g. Second, the
basis for comparison is different: while
there are sets of soil criteria available from
various states, we selected the EPA Soi/
Screening Guidance concentrations (5) so
that the analysis might have relevance from
a national perspective. For chemicals with-
out a soil criteria value listed in this source,
we used the EPA Region III risk-based soil
concentrations for residential land use (11).
Finally, the emphasis on the source of toxic-
ity information was somewhat different
from that employed previously; many of the
conclusions regarding acute and subacute
risk in the TRI analysis were based on toxi-
city values extrapolated from animal data,
with the inclusion of substantial uncertainty
factors. To avoid the uncertainty inherent
in extrapolation of animal data to humans,
we used only acute toxicity information
derived from clinical studies or case reports
in this analysis.

Magnitude and Variability of
Soil Pica

Realistic estimates of soil pica are problem-
atic. Estimating the frequency, magnitude,
variability, and duration of soil pica has not
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been the object of extensive research. In the
course of three soil ingestion studies, we
have observed unambiguous soil pica in
two children. One child was observed to
ingest 20-25 g soil on 2 of 8 days (7,12). A
second child displayed more consistent but
less striking soil pica in which high soil
ingestion (-1-3 g/day) was observed on 4
of 7 days (8). A 1988 study by Wong (9)
noted soil pica (>1.0 g/day) in 5 of 24 chil-
dren of normal mental capability on at
least 1 of 4 days (i.e., 1 day of observation
per month for 4 months). Nine individual
subject-day values out of 84 (10.5%) had
soil ingestion estimates >1 g/day. One
mentally retarded child displayed consis-
tent massive soil ingestion over the 4 days
of 48.3, 60.7, 51.4, and 3.8 g soil. These
data suggest that soil pica may vary consid-
erably both between and within individuals
and are consistent with observations that
generalized pica behavior is common in
normal children, but may be more preva-
lent and of longer duration in mentally
retarded children (9).

Soil ingestion studies had very limited
durations, usually for about a week or less.
Consequently, it has not been possible to
obtain a clear understanding of intraindi-
vidual variability in soil ingestion activity.
Nonetheless, several years after the publica-
tion of our initial soil ingestion study in
children (6), we developed a methodology
to estimate daily soil ingestion in study
children (13). This allowed the estimation
of up to eight different daily measures of
soil ingestion (i.e., a separate estimate for
each day of the study) per subject in the
original study. Using the median soil
ingested for each study child and the stan-
dard deviation of these estimates (assuming
a log-normal distribution for soil inges-
tion), we simulated soil ingestion for 365
days for each child and tabulated the fre-
quency of soil pica days (>1 g/day) (13).
This model-based prediction indicated that
the majority (62%) of children will ingest
>1 g soil on 1-2 days/year, while 42% and
33% of children were estimated to ingest
>5 and >10 g soil on 1-2 days/year, respec-
tively. These model-based estimates were
qualitatively significant because they sug-
gest that soil pica is not restricted to a very
small percentage of the normal population
of children, but may be expected to occur
in a sizable proportion of children through-
out the course of the year. The findings
also support the hypothesis that there is
considerable interindividual variation with
respect to soil pica frequency and magni-
tude. Thus, for the majority of children,
soil pica may occur only on a few days of
the year, but much more frequently for
others. If soil pica is seen as an expected,

although highly variable, activity in a nor-
mal population of young children, rather
than an unusual activity in a small subset
of the population, its implications for risk
assessment become more significant.

Relating Soil Pica to Hazard
Potential

Thirteen chemicals were selected for the
analysis based on the availability of acute
human toxicity data and on the suggestion
in the TRI study (4) that acute toxicity
problems may exist for those chemicals.
These chemicals were antimony, arsenic,
barium, cadmium, copper, cyanide, fluo-
ride, lead, naphthalene, nickel, pen-
tachlorophenol, phenol, and vanadium.
For each of these chemicals, information
was sought regarding acute dosages produc-
ing lethality, as well as the lowest dosage
reported to produce significant nonlethal
effects. For the most part, these dosages
came from case reports of intoxication fol-
lowing accidental ingestion of the chemical
in question. Cases involving ingestion of
more than one substance were not consid-
ered, given the obvious potential for con-
founding of the dose—toxicity relationship
for the chemical in question. Doses report-
ed to produce acute toxicity were com-
pared with those that would result from
acute ingestion by a small child of 5, 25, or
50 g soil containing the chemical at the
EPA screening concentration (Table 1)
(14-32). To facilitate comparisons, all
doses are expressed in terms of milligram
per kilogram body weight. Toxic dosages
from case reports, in some instances, had to
be derived using an assumed body weight
based on the description of the subject(s).
For the pica child, a 13-kg body weight is
assumed, which closely corresponds to the
50th percentile body weight of a 3-year-old
child (33).

As shown in Table 1, in the case of
arsenic, a pica episode involving soil conta-
minated at the screening level value would
result in an ingested dose of 2, 8, or 15
pg/kg, depending upon whether the child
ingests 5, 25, or 50 mg of soil, respectively.
The highest of these dosages is well below
acute doses identified in our literature sur-
vey as associated with toxicity. Similarly,
projected doses of antimony, naphthalene,
and pentachlorophenol from a soil pica
episode involving soil at the screening level
were also less than those reported to pro-
duce acute toxicity. For the remaining
chemicals, however, the amount contained
in 5-50 g of soil is within the reported
toxic range in humans. In fact, for cyanide,
fluoride, phenol, and vanadium, the ingest-
ed dose from 25 g of soil exceeds amounts
reported to produce lethality.
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Discussion

Risk-based soil screening levels and clean-
up goals are currently developed based on
chronic exposure. The implicit assumption
is that contaminant concentration limits
that are health protective under chronic
exposure circumstances will be protective
also for acute exposure. While there is a cer-
tain logic to this assumption, it may not be
valid when the acute exposure is much larg-
er than the time-averaged chronic exposure.
Soil ingestion rates in children appear to
provide an excellent example of this situa-
tion. While 95% of small children may
ingest, on average over time, 200 mg
soil/day or less, their soil ingestion behavior
can include episodic ingestion of 250 times
that amount or more. In establishing soil
screening levels and clean-up goals for expo-
sure scenarios that can include contact with
soils by small children, it seems reasonable
to take this behavior into consideration.

The relatively simple analysis presented
here is intended to be preliminary, focusing
on a limited group of chemicals, and prob-
ably does not address all of the acute toxici-
ty endpoints that may be of potential con-
cern. The results strongly suggest that cur-
rent methodology for calculating risk-based
soil screening levels and clean-up goals
based on chronic exposure assumptions
may not adequately protect children
exhibiting soil pica behavior from acute
toxicity from some chemicals. Depending
upon the magnitude of soil ingested and
the specific contaminant, a soil pica
episode may result in the ingestion of doses
similar to, or greater than, those observed
in clinical reports to produce severe toxici-
ty, including death. While comparisons in
this study were based on EPA-derived soil
screening values, it should be noted that
many states have also developed lists of
risk-based soil concentrations using
methodology that is similar, for the most
part, to that used by the EPA. It is logical
to suspect that concerns about the health
protectiveness of current soil criteria are
relevant to these values as well.

It is important to acknowledge the
caveats associated with this analysis.
Dose-response data for acute toxicity in
humans are generally quite limited, particu-
larly for children. By and large, acute toxici-
ty data come principally from case reports of
accidental ingestion in which dose estima-
tion may be uncertain. In situations where a
range of doses associated with toxicity has
been reported in the literature, the lowest
doses were used in the analysis to provide an
indication of the dose required for toxicity.
In situations where data aré extremely limit-
ed (e.g., only a few case reports exist), even
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Table 1. Estimates of acute toxicity associated with soil pica episodes in young children at EPA soil screening concentrations

Nonlethal
Soil screening? Dose from soil® Lethal dose toxic dose
value Soil intake (mg/kg body (mg/kg body (mg/kg body

Chemical (mg/kg soil) (g soil/event) weight) weight) Reference weight)  Effects Reference

Antimony 31 5 0.01 ND - 0.528 Nausea, vomiting (14)
25 0.06
50 0.12

Arsenic 0.4¢ 5 0.002 1-3 (16) 1 Throat irritation, (15)
25 0.008 nausea and vomiting
50 0.015

Barium 5,500 5 2.1 43-57 (17 2.86-7.14  Acute threshold for toxicity (16)
25 10.6 in adults
50 21.2

Cadmium 78 5 0.03 25 (18 0.043-0.07 Gl irritation and vomiting (18,19
25 0.15 in children
50 0.30

Copper 3,100% 5 1.2 14-429 (21) 0.09 Vomiting and diarrhea (21)
25 6.0
50 1.9

Cyanide 1,600 5 0.6 0.5 (23 ND -
25 3.1
50 6.2

Fluoride 4,700* 5 1.8 4 (24) 0.04-3.09 Gl effects (24)
25 9.0
50 18.1

Lead 400 5 0.2 ND - 0.02 Decreased ALAD (25)
25 0.8
50 15

Naphthalene 3,100 5 1.2 ND - ~70¢ Severe bladder pain and (26,27)
25 6.0 near blindness
50 11.9 109 Hemolytic anemia

Nickel 1,600 5 0.6 570 (29 0.009¢ Contact dermatitis (29
25 3.1
50 6.2

PCP 3 5 0.001 17f (31) ND -
25 0.006
50 0.012

Phenol 47,000 5 18.1 39/ (31,32 14 Gl effects (31)
25 90.4 10-509
50 180.8

Vanadium 550 5 0.2 0.86 (33 ND -
25 1.1
50 2.1

Abbreviations: ND, not determined (no acute toxicity doses in humans were identified); G, gastrointestinal; ALAD, aminolevulinic acid dehydratase; PCP, pen-

tachlorophenol.

8Values with an asterisk are from the EPA’s Risk-based Concentration Tables, Region Ill (11); values without an asterisk are from the EPA’s Soil Screening

Guidance (5).

bCalculated as (soil screening value x soil intake)/13 kg assumed body weight.
This value may be below background levels in some parts of the United States. In such cases, the natural background value would be used.
dEstimated dose based on an assumed body weight of 35 kg.
eEstimated dose based on an assumed body weight of 70 kg.
fEstimated dose based on an assumed body weight of 59 kg.
9Estimated dose based on an assumed body weight of 5 kg for an infant.

the lowest value of the reported range may
overestimate the dose needed to produce
toxicity. This is because individual cases do
not measure the dose needed to produce a
toxic effect such as death; they only indicate
that the necessary dose was exceeded, and
the lowest among the case reports may be
well in excess of the threshold for the toxic
effect of concern. On the other hand, the
lowest value may reflect a response by an
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unusually sensitive individual or special cir-
cumstances not generally applicable.
Information in the literature regarding toxic
but survived doses or no-effect doses in siz-
able populations of individuals would be
helpful in gaining perspective on toxic doses,
but are seldom available for acute exposure
among humans to environmental chemicals.

Only one of the comparisons was based
on toxicity data from individuals known to

be sensitive to the toxicant—contact der-
matitis from ingestion of nickel in nickel-
sensitized subjects. Among these individuals,
dermal reactions can occur following inges-
tion of very small amounts of nickel (34).
For some of the other toxicants, the toxicity
value used for comparison may not encom-
pass all of those with special sensitivity. For
example, in the case of naphthalene, the esti-
mated exposure from ingestion of as much as
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50 g contaminated soil was still well below
the reported, frankly toxic oral human dose.
However, it is generally accepted that there is
considerable interindividual variation in sus-
ceptibility to naphthalene-induced hemolysis.
Individuals with a glucose-6-phosphate dehy-
drogenase (G-6-PD) deficiency, a red blood
cell condition found in 13% of American
black males, are known to have enhanced sus-
ceptibility to naphthalene (35-37). In addi-
tion, infants are considered very sensitive to
the hemolytic effects of naphthalene, possibly
due to their reduced capacity to conjugate
and excrete the chemical (37). In the case of
copper, the acute dose used in the compari-
son table for nausea, vomiting, and diarrhea
is from poisonings in adults. There is evi-
dence from a number of case reports that
infants and children under 10 years of age are
particularly susceptible to gastrointestinal
effects from copper in drinking water (38),
and this increased sensitivity may be applica-
ble to acute ingestion of copper as well.

The dose estimates used in this analysis
are ingested doses rather than absorbed
doses, and it is possible that matrix effects
of contaminants in soils may retard absorp-
tion and thereby mitigate their toxicity to
some degree. The extent to which this may
occur is difficult to evaluate because reli-
able data on bioavailability from soils are
available for very few chemicals (39). From
a toxicological perspective, the expectation
that absorption from soils may be dimin-
ished is counterbalanced in a number of
instances by the severity of the toxic end-
point. For example, even if matrix effects
reduced the absorbed dose of chemicals
such as cyanide, fluoride, phenol, and
vanadium to below lethal levels, serious
toxicity could nonetheless result.

The frequency with which children expe-
rience acute poisoning from ingestion of
contaminated soils is unknown. Quinby and
Clappison (40) described a case in which a
child became severely intoxicated following
ingestion of parathion in contaminated soil,
but such reports are rare in the literature.
Conceivably, this could reflect, in part, a fail-
ure of parents and medical personnel to asso-
ciate acute illness with soil pica except in
obvious cases. Similarly, the likelihood of
acute intoxication from consumption of con-
“taminated soil is difficult to predict and is, of
course, dependent on the occurrence of a soil
pica event at a location with significantly
contaminated soil. For example, in the case
of the soil pica child who was observed to
ingest 20-25 g soil on two occasions (7, 12),
the levels of lead in her yard were 20-25
ppm. However, if she had ingested soil that
had 500-1,000 ppm lead, which is common
in some older inner cities, the biological
impact may have been more profound,

resulting in a substantial increase in the
blood lead level according to the EPA bioki-
netic uptake model for lead (10). Thus, the
possibility of intoxication is complex, being
affected by the frequency and magnitude of
the pica event, access to contaminated soil,
and also the quality of adult supervision.

In addition to interindividual differ-
ences in susceptibility to toxic substances,
there are likely to be important differences
in soil pica activities as well. Within this
context, young children have little aware-
ness of the concept of contamination or
disgust concerning things they ingest; they
also have incomplete knowledge of edible
and inedible substances (41-44). Soil
ingestion and other pica activity in young
children then may not reflect aberrant
behavior as much as behavior that declines
as care giver socialization efforts and chil-
dren’s sensory discriminations and cogni-
tive advances coalesce to dampen its exer-
cise. Such an explanation also would help
to account for the frequent observation
that pica activity occurs among the mental-
ly retarded (45-48). These observations
reinforce the massive and consistent
episodes of soil pica in a mentally retarded
child as reported by Wong (9).

The analysis presented here is based
exclusively on observations in humans,
both in terms of soil pica behavior and
doses associated with toxicity. While there
are acknowledged limitations in the analy-
sis, as discussed above, two of the greatest
sources of uncertainty common to most
toxicological evaluations are absent, that is,
extrapolation of data from animals to
humans and extrapolation of dose beyond
the observed range. The selective use of
human data contributes to greater confi-
dence in the relevance of the analysis to
human health and, at the same time,
greater concern for its implications. Given
the serious nature of acute toxicity poten-
tially associated with consumption of cont-
aminated soils during a soil pica episode,
this analysis suggests that greater attention
must be paid by regulatory and public
health agencies to this issue when develop-
ing health-based criteria and standards for
soils. There should also be more careful
and explicit consideration of this possibility
in risk assessments where contaminated soil
and the potential for present or future
exposure by children exist.
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